INTRODUCTION
At present, many amalgam alloys are commercially available. These alloys can be classified as having low and high copper contents and, also in terms of being lathe-cut, spherical or admixed. The various claims of the manufacturers concerning the advantages of their products in terms of both composition and particle shape, often causes confusion to the practitioner. Therefore, it is important to clarify the characteristics and performance of commercially available alloys. In this investigation, the physical properties of low and high copper alloys were examined mainly on the basis of the American Dental Association Specification No.11,2).
MATERIALS AND METHODS
1. Alloys and mixing procedure Eighteen alloys were examined ( Table 1) . Mixing of alloy (0.6g) and mercury was done mechanically. The manufacturer's recommended amalgamator, mercury to alloy ratio, and mixing time are shown in Table 2 .
Specimens were tested according to the A.D.A. Specification No.11). Five specimens were made for each tests.
2. Examination of physical properties 1-hour and 7-day compressive strengths, 7-day diametral tensile strength, 7-day creep, 30-day Vickers hardness, dimensional change after 24 hours were examined.
Compressive and diametral tensile strengths were determined by a universal testing machine# with a cross-head speed of 0.2mm/min.
Determination of creep was made following the A.D.A. Specification No.11,2), using #Type RS-2, Shimadzu Co., Japan Table 2 Mixing procedure RESULTS 1. Physical properties of amalgams made according to manufacturer's instruction 1) 1-hour compressive strength ( Fig. 1 ) Large strength was noted with spherical alloys in general, with those of single compositional high copper ones being apparently greater. At the admixed high copper alloys, such large strengths was scarecely observed, indicating that the effect of particle shape is greater than that of copper content. Seven alloys showed smaller strengths than the requirement (80MPa=816kg/cm2) of A.D.A. Specification No.11). The difference between minimum and maximum strengths was approximately 10 fold.
2) 7-day compressive strength (Fig. 2) Although apparently large strengths were observed with high copper alloys, unlike those seen 1-hour compressive strength, the effect of particle shape was not so evident, i.e., single compositional high copper alloys exhibited a smaller strength than admixed high copper alloys. Low copper lathe-cut alloys had considerably lower strengths.
3) 7-day diametral tensile strength ( Fig. 3) The difference in strength between alloys was not as apparent as those of 7-day compressive strengths. Low copper alloys generally had a greater strength than high copper alloys. The influence of particle shape was not apparent. 4) Ratio of 7-day diametral tensile to 7-day compressive strength (Fig. 4 A considerable decrease in strength was seen following the brief mixing, regardless of copper content. As for the effect of alloy particle shape, it was quite apparent that lathe-cut alloys had markedly decreased strength. Although most alloys exhibited maximum strength following their manufacturer's recommended time, little increase in strength was obtained with some alloys following slightly prolonged mixing.
2) 7-day diametral tensile strength ( Fig. 12-15 ) A markedly decrease in strength was observed at lathe-cut alloys following the brief mixing, regardless of the copper content. This is the same as compressive strength.
3) 30-day Vickers hardness (Fig. 16-19 ) For the lathe-cut alloys, apparently small hardness was observed following the brief mixing, regardless to the copper content. On the other hand, with prolonged mixing, slight increase in hardness was observed with lathe-cut alloys. However, it was not observed with spherical alloys, except for only a few products.
3) Creep (Fig. 20-23 ) Generally, the influence of the brief mixing on the creep was not apparent, dissimilar to compressive and diametral tensile strengths. However, quite large creep was observed with lathe-cut alloys, regardless of the copper content. In the case of spherical alloys, although it was not apparent, slight increase in creep was observed following prolonged mixing. This was clear with low copper alloys, but not with high copper ones. In general, the high copper alloys, especially those of single compositional ones were less influenced by mixing time. S) Dimensional change after 24 hours (Fig. 24-27 ) Regardless of particle shape and copper content, brief mixing resulted in expansion or reduced contraction. This is especially apparent with lathe-cut alloys. On the other hand, with the prolonged mixing, all alloys exhibited an obvious contraction. This is more apparent at low copper alloys, regardless of particle shape. In general, spherical alloys, especially single compositional high copper ones, exhibited less influence of mixing time than lathe-cut alloys.
6) Comparison to manufacturer's recommended time (Fig. 28-31) The effect of mixing time on the physical properties were expressed as a ratio to that of manufacturer's recommended time. 7-day compressive and diametral tensile strengths, Figure 6 Creep some expansion. Accordingly, it was confirmed that sufficiently mixed and condensed amalgams made from freshly marketted alloys would indicate slight contraction12). The effect of mixing time on the microstructure of resultant amalgams were described elsewhere13). The greatest influence was observed in regard to particle shape of alloys, supporting the above mentioned physical properties. Namely, it is quite apparent that the small strength, hardness, and large creep was caused not by the phases of amalgam itself, but by the enclosed porosities and spaces. Thus, it is considered to be important to reject the influences of such defects to estimate creep, because the creep is characteristic of the phase of amalgam itself14,15).
On the other hand, although a slightly superior mechanical properties may be obtained following prolonged mixing, its clinical benefits may be questionable. Severe heat generation, decrease in working time and shrinkage during setting are quite obvious. Probably, manufacturers of alloy determine the mixing time of their products from the standpoint of balancing the working time, mechanical properties and dimensional change. Thus, mixing of the amalgam should be made according to the manufactuere's direction, especially with the lathe-cut alloys.
The influence of mixing time on the properties of high copper amalgams is the same as on low copper ones. Since the mixing ability of high copper alloys are inferior than low copper ones13, 16, 17) , careful mixing should be made, especially with admixed high copper alloys. 
CONCLUSIONS
An attempt was made to characterize the amalgam alloys presently on the market, low and high in copper content. Effect of mixing time on the physical properties were also investigated. Following results were obtained:
1. Although a great majority of the alloys recently appeared on the market of this country is of high copper content, distinctive differences in physical properties exist between single compositional and admixed ones. Namely, 1-hour compressive strengths of single compositional high copper alloys were extremely larger than those of low copper and admixed high copper ones. Yet, at 7-day compressive strength, these differences were not apparent.
2. In regard to 7-day diametral tensile strength, low copper, especially spherical particle, alloys had large strength. Ratio of 7-day diametral to 7-day compressive strength of low copper alloys was larger than that of high copper, especially single compositional, alloys.
3. Large 30-day Vickers hardness was observed at high copper, especially single compositional, alloys. Low copper alloys had a small hardness, regardless of its particle shape. Thus, high copper alloys are strong, hard, but brittle in nature, compared to low copper ones.
4. Regardless of the particle shape, low copper alloys exhibit a large creep. In contrast, an obviously small creep was obtained at high copper, especially single compositional, 
